A computational method is d e s c r i b e d f o r determining VSWR and mode conversion for complex gyrotron window geometries. Assuming symmetric TEOn modes propagating i n a c i r c u l a r c r o s s -s e c t i o n guide containing the window, one can write the t o t a l s o l u t i o n t o t h e wave e q u a t i o n a s t h e sum of an incident wave plus a wave s c a t t e r e d from t h e d i e l e c t r i c window region. The equations can be reformulated i n terms o f t h e s c a t t e r e d wave, result i n g i n a Helmholtz wave equation with an inhomogeneous driving term corresponding to the polariz a t i o n c u r r e n t o f t h e d i e l e c t r i c . S o l u t i o n s a r e obtained using a s u i t a b l e m o d i f i c a t i o n o f t h e wave equation solver OPNCAV; and r e f l e c t i
INTRODUCTION
One of t h e most c r i t i c a l components of a gyrotron device is i t s window, t h e i n t e r f a c e through which t h e microwave energy passes from the vacuum c o l l e c t o r r e g i o n t o t h e l a b o r a t o r y environment. These windows must be a b l e t o withstand severe stresses due t o t h e p r e s s u r e d i f f e r e n t i a l , a n d a l s o t o the temperature gradients b u i l t up i n t h e d i e l e c t r i c window by absorption of t h e r f e n e r g y . T y p i c a l l y , s t a t e -o f -t h e -a r t gyrotron windows are constructed using double planar d i s k windows w i t h a s s o c i a t e d f l u i d c o o l i n g . However, as gyrotron technology evolves in the direction of higher power and higher frequency devices. it becomes n e c e s s a r y t o improve window design. For example, window elements w i t h a p p r o p r i a t e l y c u r v e d d i e l e c t r i c s u r f a c e s would presumably have superior mechanical properties under typical operating conditions. Unfortunately, ---------such complex-geometry windows are extremely d i f f i c u l t t o d e s i g n , p a r t i c u l a r l y i n t e r m s o f m i n i m i z i n g r e f l e c t i o n s or the degree of mode conversion introduced by the non-planar geometry.
Motivated by t h e s e c o n s i d e r a t i o n s , and t h e present need f o r a p p r o p r i a t e d e s i g n t o o l s , we have developed a computational method f o r o b t a i n i n g t h e VSWR and t h e mode c o n v e r s i o n c h a r a c t e r i s t i c s o f proposed curved-geometry windows which i s described b r i e f l y i n t h i s paper. = w2/c2 = w 2 uOeO and Note t h a t i n t h e s e e q u a t i o n s , E and o t h e r r e l e v a n t f i e l d s a r e v e c t o r f u n c t i o n s .
If a window i s i n s e r t e d i n t o t h e g u i d e , t h e rf e l e c t r i c f i e l d i n t e n s i t y E must now b e o b t a i n e d from t h e more general Helmholtz equation i v2E + e r k t E = 0 where t h e r e l a t i v e d i e l e c t r i c c o e f f i c i e n t E~ may be an a r b i t r a r y f u n c t i o n o f r and z.
The boundary c o n d i t i o n s must now correspond to both an i n c i d e n t and r e f l e c t e d wave in t h e r e g i o n t o t h e l e f t o f the window and a t r a n s m i t t e d wave t r a v e l i n g i n t h e p o s i t i v e z -d i r e c t i o n on t h e r i g h t .
These boundary conditions cannot be implemented with the existing wave equation codes, b u t we can reformulate the 672 -IEDM 84
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CH2099-0/84/0000-0672 $1.00 0 1984 IEDM problem so t h a t it can be handled by t h e a v a i l a b l e programs. To do t h i s , we assume t h e r f f i e l d i n t e n s i t y c a n b e w r i t t e n a s
where ES r e p r e s e n t s t h e c o n t r i b u t i o n t o t h e f i e l d due t o t h e i n t e r a c t i o n of t h e d i e l e c t r i c w i t h t h e i n c i d e n t wave. Combining
Equations 2, 5 and 6 , we obtain Thus the equation for the dielectric-excited wave E i s o b t a i n e d a s t h e s o l u t i o n o f an inhomogeneous Helmholtz equation w i t h a d r i v i n g term -kg ( E~-~) E~. The boundary conditions on ES correspond to waves t r a v e l i n g i n t h e p o s i t i v eand negative-z directions away from t h e d i e l e c t r i c window r e g i o n , and are conveniently implemented i n t h e wave equation code OPNCAV, an extension of the SUPERFISH code ( 1 ) . 
d from t h e window, t h e power PT transmitted through t h e window and t h e power PI i n c i d e n t on t h e window
can a l l be obtained. From t h e s e q u a n t i t i e s , t h e r e f l e c t i o n c o e f f i c i e n t P = (PR/PI)
112
(11) and t h e e f f e c t i v e v o l t a g e s t a n d i n g wave r a t i o
may be determined.
The code also does a Fourier analysis of the t r a n s m i t t e d f i e l d i n o r d e r t o d e t e r m i n e its modal composition. The degree of mode conversion to o t h e r TEOn modes can then be ascertained.
COMPUTATIONS
A number of t e s t s have been r u n t o check out t h e method on simpler planar window geometries of various kinds for which standard computational t e c h n i q u e s a r e a l r e a d y a v a i l a b l e ( 2 ) .
For example, i n Figure 2, VSWR r e s u l t s o b t a i n e d u s i n g t h e
OPNDIEL code for a model alumina double-disk window with an intermediate cooling region
(FC-75 coolant) a r e compared w i t h computations using the standard impedance method.
The window was designed for the
TEO2 mode and f o r a match a t 60 GHz. The two s e t s of results a g r e e t o a b o u t one p e r c e n t . E l e c t r i c f i e l d c o n t o u r l i n e s ( l o c i o f c o n s t a n t m a g n i t u d e f i e l d ) f o r t h e d o u b l e -d i s k
window system are shown i n F i g u r e 3 obtained at the match frequency.
The contour lines b o t h t o t h e l e f t and r i g h t of t h e window a r e s t r a i g h t ( t o w i t h i n t h e " n o i s e " level) and h o r i z o n t a l , c h a r a c t e r i s t i c o f
a TEO2 t r a v e l i n g wave with no s i g n o f r e f l e c t i o n s from t h e window, whereas the contours within the window demonstrate t h e expected standing wave p a t t e r n . The r e s u l t s can be compared t o t h e c o r r e s p o n d i n g f i e l d c o n t o u r p a t t e r n f o r t h i s window a t 59 GHz, one GHz below t h e match frequency as shown in Figure 4 . Here, we see a TEO2 standing wave p a t t e r n on t h e l e f t , i n d i c a t i n g c l e a r l y t h a t r e f l e c t i o n s from t h e window a r e o c c u r r i n g .
The VSWR a t 59 GHz was computed a s 1.53. The p a t t e r n on t h e r i g h t is t h a t o f a t r a v e l i n g wave c o n s i s t e n t w i t h the imposition of t h e open boundary condition. The method was then used t o compute t h e VSWR and mode conversion characteristics of a curved boundary d i e l e c t r i c window f o r which no standard computational techniques were available. 
WINDOW

SUMMARY AND CONCLUSIONS
A computational technique has been developed for computing the VSWR and mode conversion c h a r a c t e r i s t i c s o f g y r o t r o n windows with non-planar s u r f a c e s . The method has been checked out on simple planar geometries where it can be compared with the standard impedance computational approach and is p r e s e n t l y b e i n g u s e d a s a design aid in advanced gyrotron window development.
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